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Reduced health-related quality of life




Background: Although previous studies have shown detrimental effects of visual impairment on health-related
quality of life (HRQOL), they were primarily conducted on elderly individuals with visual impairment. The objective
of this cross-sectional study was to investigate if HRQOL is impaired in young college students with visual
impairment and to explore the relationships between HRQOL and other factors. It was hypothesized that visual
impairment is not influential enough to lower the HRQOL of young people due to their better physical fitness and
more flexible mentality.
Methods: A total of 21 college students (mean age = 25 years old) with varying degrees of visual impairment
completed the short form (SF)-36 health survey and questionnaires on daily physical activities. Subjects were
grouped depending on the type of visual impairment: blind (n = 11) or severely impaired (n = 10). In addition,
grip strength and single-leg standing balance were assessed.
Results: No between-group differences were found in the SF-36 scores. However, compared to the general
Japanese standards (50.0 ± 10.0), the Vitality scores of the blind group were lower (41.9 ± 7.2, p = 0.004) and the
Physical Function scores of the severely impaired group were higher (55.3 ± 2.4, p = 0.001). In addition, a negative
correlation was found between standing balance (variability of foot center of pressure) and the Physical
Component Summary score of the SF-36 (r2 = 0.35, p = 0.005).
Conclusions: These findings suggest that even among young people severe visual impairment leads to reductions
in some components of HRQOL.
Background
Health-related quality of life (HRQOL) is important, be-
cause it is determined not by healthcare providers but by
those who receive the healthcare, and moreover, it re-
flects how patients perceive their health status. Dimin-
ished visual acuity has been associated with decreased
performance of instrumental activities of daily living
(ADL), poorer cognitive abilities, increased risk of falls,
and ultimately, a poorer HRQOL [1–7]. However, the
currently available data were primarily obtained from
studies on elderly people with visual impairment. The
present study investigated if the detrimental effects of
visual impairment on HRQOL are as strong among
young people.
Because visual impairment is more common in elderly
people [8] and its prevalence is expected to double over
the next 30 years because of the aging population [9],
most data on HRQOL of visually impaired individuals
are obtained from studies on elderly adults [7]. However,
aging alone can influence HRQOL, and although the
prevalence may be low, there are certainly young adults
with visual impairment who study and are working pro-
fessionals. Therefore, an investigation of HRQOL among
young adults with visual impairment would result in a
deeper understanding of HRQOL with visual impairment.
Age is the most important variable predicting the de-
cline in the performance of ADL [10], and an association
between visual impairment and difficulty in performing
ADL has been reported in elderly people [11–15]. More-
over, aging changes how people perceive the status of their
health. Older people are more likely to be optimistic in
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their global self-assessments of health, resulting in better
self-assessed health scores [16]. In fact, in very elderly
people (>80 years old), the effect of visual impairment on
HRQOL has been reported to be milder than in less elderly
people [17]. These previous findings suggest that data on
young people with visual impairment may be different from
those on elderly people.
Some studies have investigated the effects of visual im-
pairment on HRQOL in young people. Visual impair-
ment affects all aspects of a child or young person’s life.
Visual impairment has detrimental effects not only on
the physical but also on mental domains of HRQOL,
resulting in frustration and concerns of the future [18].
On the other hand, the well-established idea known as
the “disability paradox” [19, 20], in which people with a
severe disability report high QOL and vice versa, appears
to apply to children and young adolescents with visual
impairment. A previous study reported that many chil-
dren with severe visual impairment show remarkable
psychological adjustment and have ambitious plans and
aspirations for the future [21]. However, to the best of
the author’s knowledge, there are no studies that investi-
gated the effect of visual impairment on HRQOL among
college-age young adults.
Blind individuals have been reported to experience im-
pairment in some physical aspects such as muscle
strength and standing balance [22, 23]. Compared to
mental functions, these physical functions are more dir-
ectly impacted by aging. Thus, it may be important to
objectively assess some of the physical functions in
young people with visual impairment and to explore the
relation between physical functions and HRQOL.
The purpose of the present study, therefore, was to deter-
mine if HRQOL is impaired in college students with visual
impairment. It was hypothesized that, compared to the
nation’s standard for HRQOL, visual impairment is not
influential enough to lower the HRQOL of young people.
Methods
Subjects and general research design
A total of 21 visually impaired college students were re-
cruited via advertisement. None of the subjects had any
known disability/impairment other than visual impair-
ment. The subjects were divided into two groups de-
pending on the severity of their visual impairment
(based on the Japanese Physical Disability Certificate
they possessed): blind (Level 1) or severely impaired but
not blind (Level 2). Subjects were considered level 1
when the sum of the visual acuity in both eyes was 0.01
(equivalent to +2.0 logMAR) or less (measured in
accordance with the International Visual Acuity Test
Chart; the vision of those with refractive errors was mea-
sured in relation to corrected vision. The same shall
apply hereinafter). Subjects were considered level 2
either when the sum of the visual acuity in both eyes
was more than 0.02 (equivalent to +1.7 logMAR) and less
than 0.04 (equivalent to +1.4 logMAR) or when the field
of vision was less than 10° in both eyes and more than
95 % vision had been lost in both eyes, evaluated
according to the visual efficiency scale. The blind and
severely impaired groups included 11 and 10 subjects,
respectively (with 1 and 2 female, respectively). The causes
and onset ages of visual impairment are listed in Table 1.
Subjects’ average age, height, and weight were 24.9 ± 6.1
(mean ± standard deviation) years, 165.3 ± 10.1 cm, and
59.0 ± 10.4 kg, respectively, with no between-group
differences (independent t-test, p > 0.05). All subjects
provided written informed consent, and the study
protocol was approved by the local Internal Review
Board. The study has been conducted in accordance
with the guidelines of the 1964 Declaration of
Helsinki. The setting for the study was a university
laboratory. The data was collected in 2012 and 2013,
avoiding the very beginning and very end of school
terms in order to minimize any potential influences
from school-related events such as exams.
The subjects completed a short form (SF)-36 health
survey and a questionnaire about their daily exercise
Table 1 Demographic data of the subjects
Group Age (years) Onset (age in years) Cause of visual impairment
B1 20 Congenital Glaucoma
B2 20 Congenital Retinopathy of Prematurity
B3 26 Congenital Glaucoma
B4 20 Congenital Glaucoma
B5 21 Congenital Glaucoma
B6 21 Congenital Retinopathy of Prematurity
B7 22 Congenital Leber Disease
B8 25 Congenital Retinopathy of Prematurity
B9 24 Congenital Choroidal Detachment
B10 20 Congenital Optic Atrophy
B11 23 Congenital Retinopathy of Prematurity
S1 20 Congenital Retinal Detachment
S2 28 21 NA
S3 29 Congenital Retinitis Pigmentosa
S4 37 16 Stevens-Johnson Syndrome
S5 28 Congenital Retinitis Pigmentosa
S6 39 12 Retinal Detachment
S7 39 Congenital Retinitis Pigmentosa
S8 22 Congenital Glaucoma
S9 22 Congenital Optic Atrophy
S10 20 Congenital Leber Disease
“B” and “S” indicate blind and severely impaired groups, respectively. There
was one subject in the severely impaired group who did not report his/her
cause of visual impairment. This is indicated by “NA”
Masaki BioPsychoSocial Medicine  (2015) 9:18 Page 2 of 7
habits. In addition, the grip strength and single-leg
standing balance of all subjects were measured.
HRQOL assessment
The Medical Outcomes Study 36-Item Short-Form Health
Survey (SF-36) was used to assess HRQOL. Depending on
the subject’s preference, the form was provided in Braille,
written regular text, or electronic text. The subjects were
asked to complete the form and submit it to the investiga-
tor within 1 week.
The SF-36 contains 36 items measuring eight dimensions
of health and well-being: “physical function”, “role limita-
tions due to physical problems”, “bodily pain”, “general
health perceptions”, “vitality”, “social function”, “role limi-
tations due to emotional problems”, and “mental health”
[24]. One item that focused on changes in health was
excluded from this study.
Physical activity questionnaire
All subjects completed a questionnaire on physical activ-
ity habits. The amount of daily physical activity was
quantified using a method similar to that used in previ-
ous studies [25, 26]. Each subject was asked to specify
the average number of hours per day spent on each of
the following physical activities: strenuous exercise or
heavy physical work, walking or standing, and sleeping.
This questionnaire was also prepared in the three above-
mentioned formats.
Grip strength measurement
Grip strength was chosen because it represents general
muscle strength [27, 28]. The grip strength was mea-
sured twice for the dominant hand in a standing position
using a Smedley hand dynamometer (T. K. K. 5401,
Takei Scientific Instruments Co., Ltd., Niigata, Japan).
Two subjects in the blind group were left-handed, and
none were left-handed in the severely impaired group.
Subjects were asked to grip the dynamometer as hard as
they could with their arm hanging by their body and
instructed to abduct their shoulder slightly, such that
the dynamometer did not touch the lateral aspect of the
leg. The investigator gave the subjects verbal encourage-
ment, and a rest of approximately 60 s was taken
between trials. The digital numbers were read from the
display on the dynamometer, and the highest value of
the two trials was used for analysis.
Standing balance measurement
Standing balance was assessed by center of pressure
(CoP) measurement using a Nintendo Wii Balance
Board. Its accuracy for CoP measurement has been
shown to be acceptable for research [29]. The built-in
calibration exports the CoP data in centimeters for
anterior–posterior and mediolateral directions at a
sampling rate of 100 Hz. The data were stored on a per-
sonal computer. The subjects were asked to stand at the
center of the board on their dominant leg, defined as the
leg used to kick a ball as far as possible (the left leg was
dominant in 1 subject in the blind group and none of
the subjects in the severely impaired group). The arms
were unrestricted but the non-standing leg was not
allowed to touch the standing leg. Subjects were asked
to stand as stably as possible twice for 15 s each, with a
1-min rest between trials.
Data analysis
The SF-36 score was calculated according to the instruc-
tion manual [30]. The scores for each item were aver-
aged within each of the eight dimensions and within
each group and were further converted into norm-based
scores using the published data of 2007 Japanese values
found in the manual, such that the Japanese mean and
standard deviation were 50.0 and 10.0, respectively, in all
dimensions. In addition to the general Japanese values,
standard values for Japanese males aged between 20 and
29 years old were used for comparison because the ma-
jority of the subjects in the present study (86 %) were
males, with an average age of 25 years. The physical,
mental, and role/social component summary scores
(PCS, MCS, and RCS, respectively) were also calculated
according to the instructions provided in the manual.
With regard to the physical activity questionnaire, the
sum of the time spent on the three activities (strenuous
exercise/heavy physical work, walking/standing, and
sleeping) was subtracted from 24 (hours) for each sub-
ject to obtain the time spent in a sedentary state. Meta-
bolic equivalent (MET) intensities of 4.5, 2.0, 1.5, and
1.0 were assigned for strenuous exercise/heavy physical
work, walking/standing, sitting, and sleeping, respect-
ively. Finally, the total MET hours per day was calcu-
lated by multiplying the MET and hours for each activity
performed and summing them for each subject.
The root mean square (RMS) and peak-to-peak ampli-
tude of the CoP were obtained in each direction (anter-
ior–posterior and mediolateral) after offsetting the data
by subtracting the average. The most stable middle 10-s
data (visual inspection) of the 15-s data were analyzed.
The norm-based SF-36 scores were analyzed using
two-way analyses of variance (ANOVA) to identify any
between-group differences in dimensions (2 × 8) and in
summary scores (2 × 3), with “group” as the between-
subject variable and “dimension” or”summary score” as
the within-subject variable. One-sample t-tests were
used to compare the values from the present study to
the published Japanese values (both the general Japanese
values and the standard Japanese values for young
males).
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Correlation analyses were performed by obtaining
Pearson product correlation coefficients between the SF-
36 scores and the other variables. To account for multiple
comparisons, a significance level of 0.01 was used for all
statistical analyses.
In addition, for assessing possible confounding variables
and finding models predicting the three component sum-
mary scores, a step-wise multiple linear regression analysis
with inclusion and exclusion criteria of 0.05 and 0.10, re-
spectively were performed using all the above variables,
including age, sex, impairment level, and the onset of
impairment. When appropriate, an analysis of covariance
(ANCOVA) was also used. The results are presented as
mean ± standard deviation or as mean ± standard error
(as an error bar) in the text and figures, respectively.
Results
SF-36 scores between groups and comparison with
published Japanese standards
No between-group differences were found in norm-
based SF-36 scores for any of the eight dimensions
[Fig. 1a; F(1, 19) = 2.60, p = 0.12] or for any of the three
summary scores [Fig. 1b; F(1, 19) = 2.881, p = 0.11].
None of the summary scores differed from the general
Japanese standards (50.0 ± 10.0) in either group, except for
two of the eight dimensions. The Vitality score of the blind
group (41.9 ± 7.2) was lower [t(10) = −3.69, p = 0.004] and
the Physical Function score of the severely impaired group
(55.3 ± 2.4) was higher [t(9) = 6.90, p < 0.001] than the
general Japanese standards.
Because the majority of the subjects in the present study
were young males, the scores were also compared to the
Japanese standards for young males. Because the standard
Japanese Physical Function score for young males is higher
(55.4 ± 5.6) than the general score (50.0 ± 10.0), the Phys-
ical Function score of the severely impaired group in the
present study was no longer different from the standard
score for young males. In contrast, the Vitality score for
the blind group remained lower than the Japanese standard
for young males [50.5 ± 10.2; t(10) = −3.92, p = 0.003].
Between-group comparisons in grip strength, physical
activity level, and standing balance
There were no between-group differences in grip strength
[t(19) = −1.42, p = 0.17], physical activity level [t(19) = 1.40,
p = 0.18], or standing balance {p values ranging from 0.34
[t(19) = 0.99 for RMS amplitude of the CoP in anterior–
posterior direction] to 0.83 [t(19) = 0.21 for the RMS
amplitude of the CoP in mediolateral direction]}.
Correlations between SF-36 scores and other variables
Among the potential correlations analyzed, two signifi-
cant correlations were found. The average of the two
measurements for the CoP in the mediolateral direction,
expressed as peak-to-peak (r2 = 0.31, p = 0.009; data not
shown) and RMS (r2 = 0.35, p = 0.005; Fig. 2) was nega-
tively correlated with the PCS.
Predicting models using multiple regression and analysis
of covariance
In order to assess any confounding factors, multiple lin-
ear regression analysis was used. However, the result was
the same as that from the simple correlation above. The
model predicting PCS had the CoP in the mediolateral
Fig. 1 SF-36 scores. a The SF-36 norm-based scores in each dimension
for the blind group, severely impaired group, and the published
Japanese standard for young males. The solid horizontal line at a
norm-based score of 50 indicates the general Japanese standard (with a
standard deviation of 10). No between-group (blind vs. severely
impaired subjects) differences were found. The Physical Function scores
of the severely impaired subjects and the Vitality scores of the blind
subjects were higher and lower, respectively, than the general Japanese
standards [50; indicated by asterisks (*)]. The Vitality scores of the blind
subjects were also lower than the Japanese standard for young males
[indicated by the number sign. (#)]. b Norm-based SF-36 scores in each
component summary score. The horizontal line and legends are the
same as in (A). No differences were found in any of the comparisons.
PF: Physical Function, RP: Role Physical; BP: Bodily Pain; GH: General
Health; VT: Vitality; SF: Social Function; RE: Role Emotional; MH: Mental
Health; PF: Physical Function; PCS, MCS, and RCS: Physical, Mental, and
Role/Social Component Summary Scores, respectively
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direction expressed as RMS. For MCS, the physical
activity level remained in the model, but the p value was
only 0.040, which was above the significance level set in
the present study. These data suggest that no covariates
can be used for ANCOVA to find between-group differ-
ences in the SF-36 scores.
Discussion
The current study aimed to determine if HRQOL, as mea-
sured by the SF-36, is impaired even in young adults with
visual impairment. The novel findings of the present study
are as follows: 1. being blind or severely visually impaired
did not differentially influence the subjects’ HRQOL; 2.
the Vitality score of the blind subjects in this study was
lower than the published Japanese standard for a similar
age; and 3. although the severity of visual impairment did
not influence the physical functions measured in this
study (e.g., grip strength), subjects who scored higher in
the Physical Component of the HRQOL had better single-
leg stance balance than those who scored lower in the
Physical Component of the HRQOL. The hypothesis that
young age diminishes the detrimental effects of visual
impairment on HRQOL is partially supported.
Influence of aging and visual impairment on HRQOL
It has been clearly demonstrated that visual impairment
has detrimental effects on the HRQOL of elderly people
and that limitations in performing ADL are associated
with a lowered HRQOL [10]. These previous findings sug-
gest that young adults who have fewer limitations in per-
forming ADL should have a better HRQOL than their
elderly counterparts. The effect of aging has been reported
to have a clear detrimental influence on the physical
rather than mental domains of HRQOL [30, 31]. The lack
of significant differences in the physical domains between
young adults with visual impairment and the standard
Japanese scores for young males found in the present
study (Fig. 1a) indicate that visual impairment, even blind-
ness, does not inhibit the beneficial effect of being young
on the physical domains.
Some questions within the Physical Function dimen-
sion ask about the ability of responders to perform vig-
orous activities such as running and playing strenuous
sports. It is obvious that visual impairment would limit
participation to only some sporting activities, especially
those not using a ball. Most of the 10 items in the Phys-
ical Function dimension, however, ask about basic ADL
such as bathing and climbing stairs.
In contrast to the effect of aging on HRQOL, it has
been reported that visual impairment has a greater
impact on the mental rather than physical domains in
elderly people [32]. Although the MCS scores of subjects
in the present study were not different from the Japanese
standards for young males (Fig. 1b), the Vitality score of
the blind subjects was lower not only than the general
Japanese standard but also than the Japanese standard
for a similar young age (Fig. 1a). The items in the Vitality
dimension ask how energetic or fatigued responders feel.
Although aging does not have a great impact on the scores
in the mental domains, including the Vitality score [30], it
has been reported that the scores are sensitive to the
impact of disease and the treatment of hypertension [33],
AIDS [34, 35], and visual impairment [32]. However, the
sensitive Vitality score was similar between the blind and
severely impaired groups in the present study, a finding
that is contrary to that of a previous study [32] in which
correctable and non-correctable visual impairments were
compared. The non-significant between-group difference
in the Vitality score in the present study is probably due
to the small sample size (see Limitations below).
Relation between HRQOL and standing balance
The results of the present study indicate that although
the physical functions, such as grip strength, were simi-
lar between the blind and severely impaired groups, a
correlation was found between balance and the Physical
Component Summary score. It has been reported that
blind individuals have diminished standing balance
compared to that of individuals with unimpaired vision
[22, 23]. This is because vision is important in stabilizing
the body while standing, and it appears that long-term
visual information loss such as that seen in congenitally
blind adults cannot be substituted by other sensory inputs
necessary to stabilize the body, such as the vestibular sys-
tem [23]. The relation between balance and the physical
component of HRQOL also has been reported in stroke
patients [36]. These previously reported data together with
Fig. 2 Correlation between SF-36 score and standing balance. The
relation between the Physical Component Summary Score (PCS)
from the SF-36 and the root mean square (RMS) of the foot center
of pressure (CoP) trajectory in the mediolateral direction, using data
of all subjects (n = 21). Those who had a higher PCS were more
stable during single-leg stance
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those from the present study suggest that standing balance
is critical and that balance training could serve as a
method to improve the physical components of HRQOL
among visually impaired people.
Limitations
There are many limitations to this study. The two major
limitations are the small sample size, which reduced the
statistical power, and that all the subjects were college
students, which could have resulted in sampling bias.
Therefore, the results are not necessarily applicable to
all young adults with visual impairment. However, study-
ing at college is common in developed countries for
people in their twenties. Recruiting all the subjects from
college would generate consistent data, which may ex-
plain why the multiple regression analysis and ANCOVA
were not applicable here. The causes and onset ages of
visual impairment varied among the subjects; however, it
is unlikely that different causes greatly affected the re-
sults because it has been reported that the severity of,
but not the cause of, visual impairment impacts HRQOL
[37]. In the present study, no control data were collected
from young college students with no visual impairment.
Instead, published data was used. Ideally, the groups
should be as similar as possible, but the advantage of
using the published data is its large sample size (n = 117
for the data used here). No information about past his-
tory of physical/mental diseases were obtained from the
subjects, and therefore, the data obtained here could
have been affected by the past history of diseases. Fi-
nally, generic health outcome measures such as the SF-
36 have been reported to be less sensitive to ocular con-
ditions compared to vision-related health outcome mea-
sures such as the Visual Functioning-14 [7]. However,
some differences were detected using the less sensitive
measure.
Conclusions
Because aging and visual impairment are both strong nega-
tive factors for HRQOL, the present study evaluated if the
HRQOL of young college students with visual impairment
is lower than that of persons of a similar age in the general
population, as is observed in elderly individuals with visual
impairment [32]. The data suggest that the Vitality score
only of blind subjects was lower than the standard. In
addition, how well a young subject with visual impairment
could stand on a single leg predicted how high the subject
would score on the Physical component of HRQOL. These
data suggest that for visually impaired people being young
and having good balance are important factors for better
HRQOL.
Competing interests
The author declares that he/she has no competing interests.
Acknowledgement
SF-36v2TM Health Survey 1992, 2000, 2003 Quality Metric Incorporated,
Medical Outcomes Trust and Shunichi Fukuhara. All rights reserved.
Financial support for this work was received from Competitive Educational
and Research Projects at Tsukuba University of Technology.
Received: 19 March 2015 Accepted: 25 August 2015
References
1. Glynn RJ, Seddon JM, Krug Jr JH, Sahagian CR, Chiavelli ME, Campion EW. Falls
in elderly patients with glaucoma. Arch Ophthalmol. 1991;109(2):205–10.
2. Tinetti ME, Speechley M, Ginter SF. Risk factors for falls among elderly
persons living in the community. N Engl J Med. 1988;319(26):1701–7.
3. Uhlmann RF, Larson EB, Koepsell TD, Rees TS, Duckert LG. Visual impairment
and cognitive dysfunction in Alzheimer’s disease. J Gen Intern Med.
1991;6(2):126–32.
4. Cummings SR, Nevitt MC, Browner WS, Stone K, Fox KM, Ensrud KE, et al.
Risk factors for hip fracture in white women. Study of Osteoporotic
Fractures Research Group. N Engl J Med. 1995;332(12):767–73.
doi:10.1056/NEJM199503233321202.
5. Marx MS, Werner P, Cohen-Mansfield J, Feldman R. The relationship
between low vision and performance of activities of daily living in nursing
home residents. J Am Geriatr Soc. 1992;40(10):1018–20.
6. Scott IU, Schein OD, West S, Bandeen-Roche K, Enger C, Folstein MF.
Functional status and quality of life measurement among ophthalmic
patients. Arch Ophthalmol. 1994;112(3):329–35.
7. Scott IU, Smiddy WE, Schiffman J, Feuer WJ, Pappas CJ. Quality of life of
low-vision patients and the impact of low-vision services. Am J Ophthalmol.
1999;128(1):54–62.
8. Tielsch JM, Sommer A, Witt K, Katz J, Royall RM. Blindness and visual
impairment in an American urban population. The Baltimore Eye Survey.
Arch Ophthalmol. 1990;108(2):286–90.
9. Rochtchina E, Mitchell P. Projected number of Australians with glaucoma in
2000 and 2030. Clin Experiment Ophthalmol. 2000;28(3):146–8.
10. West SK, Munoz B, Rubin GS, Schein OD, Bandeen-Roche K, Zeger S, et al.
Function and visual impairment in a population-based study of older adults.
The SEE project. Salisbury Eye Evaluation. Invest Ophthalmol Vis Sci.
1997;38(1):72–82.
11. Bergman B, Sjostrand J. Vision and visual disability in the daily life of a
representative population sample aged 82 years. Acta Ophthalmol
(Copenh). 1992;70(1):33–43.
12. Carabellese C, Appollonio I, Rozzini R, Bianchetti A, Frisoni GB, Frattola L, et
al. Sensory impairment and quality of life in a community elderly
population. J Am Geriatr Soc. 1993;41(4):401–7.
13. Hakkinen L. Vision in the elderly and its use in the social environment. Scand
J Soc Med Suppl. 1984;35:5–60.
14. Rubin GS, Roche KB, Prasada-Rao P, Fried LP. Visual impairment and disability
in older adults. Optom Vis Sci. 1994;71(12):750–60.
15. Salive ME, Guralnik J, Glynn RJ, Christen W, Wallace RB, Ostfeld AM.
Association of visual impairment with mobility and physical function.
J Am Geriatr Soc. 1994;42(3):287–92.
16. Idler EL. Age differences in self-assessments of health: age changes, cohort
differences, or survivorship? J Gerontol. 1993;48(6):S289–300.
17. Wang JJ, Mitchell P, Smith W. Vision and low self-rated health: the Blue
Mountains Eye Study. Invest Ophthalmol Vis Sci. 2000;41(1):49–54.
18. Kef S. Psychosocial adjustment and the meaning of social support for
visually impaired adolescents. J Visual Impair Blin. 2002;96(1):22–37.
19. Albrecht GL, Devlieger PJ. The disability paradox: high quality of life against
all odds. Soc Sci Med. 1999;48(8):977–88.
20. Kutner JS, Nowels DE, Kassner CT, Houser J, Bryant LL, Main DS. Confirmation
of the “disability paradox” among hospice patients: preservation of quality of
life despite physical ailments and psychosocial concerns. Palliat Support Care.
2003;1(3):231–7.
21. Tadic V, Hundt GL, Keeley S, Rahi JS, Vision-related Quality of Life g. Seeing
it my way: living with childhood onset visual disability. Child Care Health
Dev. 2014. doi:10.1111/cch.12158.
22. Giagazoglou P, Amiridis IG, Zafeiridis A, Thimara M, Kouvelioti V, Kellis E.
Static balance control and lower limb strength in blind and sighted
women. Eur J Appl Physiol. 2009;107(5):571–9.
Masaki BioPsychoSocial Medicine  (2015) 9:18 Page 6 of 7
23. Schmid M, Nardone A, De Nunzio AM, Schieppati M. Equilibrium during
static and dynamic tasks in blind subjects: no evidence of cross-modal
plasticity. Brain. 2007;130(Pt 8):2097–107.
24. Ware Jr JE, Sherbourne CD. The MOS 36-item short-form health survey (SF-36):
I. Conceptual framework and item selection. Med Care. 1992;30(6):473–83.
25. Lee KJ, Inoue M, Otani T, Iwasaki M, Sasazuki S, Tsugane S, et al. Physical
activity and risk of colorectal cancer in Japanese men and women: the
Japan Public Health Center-based prospective study. Cancer Causes Control.
2007;18(2):199–209. doi:10.1007/s10552-006-0098-3.
26. Ainsworth BE, Haskell WL, Whitt MC, Irwin ML, Swartz AM, Strath SJ, et al.
Compendium of physical activities: an update of activity codes and MET
intensities. Med Sci Sports Exerc. 2000;32(9 Suppl):S498–504.
27. Metter EJ, Talbot LA, Schrager M, Conwit R. Skeletal muscle strength as a
predictor of all-cause mortality in healthy men. J Gerontol A Biol Sci Med
Sci. 2002;57(10):B359–B65.
28. Rantanen T, Guralnik JM, Foley D, Masaki K, Leveille S, Curb JD, et al. Midlife
hand grip strength as a predictor of old age disability. JAMA.
1999;281(6):558–60.
29. Bartlett HL, Ting LH, Bingham JT. Accuracy of force and center of pressure
measures of the Wii Balance Board. Gait Posture. 2014;39(1):224–8.
doi:10.1016/j.gaitpost.2013.07.010.
30. Fukuhara S, Suzukamo Y. Manual of SF-36v2 Japanese version. Kyoto: Institute
for Health Outcomes & Process Evaluation research; 2004.
31. Hopman WM, Berger C, Joseph L, Zhou W, Prior JC, Towheed T, et al.
Prospectively measured 10-year changes in health-related quality of life and
comparison with cross-sectional estimates in a population-based cohort of
adult women and men. Qual Life Res. 2014;23(10):2707–21.
32. Chia EM, Wang JJ, Rochtchina E, Smith W, Cumming RR, Mitchell P. Impact
of bilateral visual impairment on health-related quality of life: the Blue
Mountains Eye Study. Invest Ophthalmol Vis Sci. 2004;45(1):71–6.
33. Croog SH, Levine S, Testa MA, Brown B, Bulpitt CJ, Jenkins CD, et al. The
effects of antihypertensive therapy on the quality of life. N Engl J Med.
1986;314(26):1657–64.
34. Wu AW, Rubin HR, Mathews WC, Ware Jr JE, Brysk LT, Hardy WD, et al. A
health status questionnaire using 30 items from the Medical Outcomes
Study. Preliminary validation in persons with early HIV infection. Med Care.
1991;29(8):786–98.
35. Wachtel T, Piette J, Mor V, Stein M, Fleishman J, Carpenter C. Quality of life in
persons with human immunodeficiency virus infection: measurement by the
Medical Outcomes Study instrument. Ann Intern Med. 1992;116(2):129–37.
36. Garland SJ, Ivanova TD, Mochizuki G. Recovery of standing balance and
health-related quality of life after mild or moderately severe stroke. Arch
Phys Med Rehabil. 2007;88(2):218–27.
37. Brown MM, Brown GC, Sharma S, Landy J, Bakal J. Quality of life with visual
acuity loss from diabetic retinopathy and age-related macular degeneration.
Arch Ophthalmol. 2002;120(4):481–4.
Submit your next manuscript to BioMed Central
and take full advantage of: 
• Convenient online submission
• Thorough peer review
• No space constraints or color ﬁgure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at 
www.biomedcentral.com/submit
Masaki BioPsychoSocial Medicine  (2015) 9:18 Page 7 of 7
